hallmark of holistic medicine is that its practices take into account an indiv idual' s to t al inte rnal, social, and external environm ent when co n sid er in g d ise as e p r ev en t io n and treatment. The interdisciplinary science of biometeorology studies the effects of w e a t h e r a nd cl i m a t e o n o r g a ni s m s ' adaptation mechanisms and the consequences of human and natural impacts on the atmospher e. Although the late Univers ity of Maryland Professo r Helmet Landsberg, who is considered the father of modern climatology, wrote a landmark text on the subject in 1969, 1 only recently has broader attention been focused on this discipline in the United States. In Europe, biometeorology has been used for more than a decade to prov i de p ub l ic he al t h in fo r ma t io n. F o r example, the national German weather service offers, to the public, 2 and to doctors and medical facilities, area-specific advisories about cond itions tha t ma y aggravate arthritis, depression, and respiratory and other health problems. 3 The British National Health Service is pilottesting the use of weather reports to predict its workload. 4, 5 Hippocrates had anticipated the contention of biometeorologists and bioclim a t o l o g i s t s t h a t h u m a n b o d i e s a r e hardwired to react to weather cues; circa 400 BC, this father of modern medicine wrote: "South winds induce dullness of hearing, but, if the north winds prevail, coughs, infections. . .occur." 6 According to Laurenc e S. Kalkstein, P h. D . , d i r e c t o r o f t h e U ni v e r s i t y o f Delaware's Center of Climatic Research in Newark, "we'v e kno wn that weather
affects organisms for 100 years or more. The real breakthroughs today are due to the fact that we have co mp ut ers that allow us to evaluate much more data." 2 This article focuses on what science is discovering about environmental influences on health and how this knowledge may be utilized in disease prevention, integrative treatment, and public health planning.
Weather-Health Links: Epidemiologic Research, Clinical Observations, and Patient Perceptions
"Epidemiology has met ecolo gy" is how one writer characterizes this line of research. 7 Recent studies have confirmed the climatic influences and seasonal variations that have been clinically observed in the incidence of, and mortality from, cardiovascular disease (CVD), and the exacerbation of asthma, migraine headaches, arthritis, and seasonal affective disorder (SAD).
Cardiovascular Disease and Seasonal Affective Disorder
E p id em io l o gic re se arch id en ti fie s winter as the peak time of year for sudden cardiac death. 8 Extreme cold may stress t he circula tory and reg ula to ry systems. W int er-ind uced depressio n may also contribute to coronary heart disease by pro moting in fect ions and having other negative effects on health. 9 SAD, a form of depressio n commonly known as "the winter blues," is the classic example of a health problem associa t e d w i t h s e a s o n a l c h a n g e s . 1 0 T h e existence of disorders with seasonal patte rn s undersco re s t he im po rtance of comprehensive clinical assessment and consideration of treatment options for all illnesses. 11 Ex treme tempera tures may also affect reflexe s and cognit ive ability. 1 
Asthma and Other Respiratory Disorders
Hospital admissi ons for asthma in a United Kingdom region increased during thundersto rm s irrespective of pollen counts, fungal spores, rainfall, and ozone levels. 12 An Australian case-controlled study of emergency hospital admissions for asthma also revealed that the atmospheric condi tions accompanying late spring and summer thunderstorms resulted in higher-than-expected epidemics of as t hm a ex a cer bat i o ns . 1 3 E x tr em e o r changeable weather is among the stresses that can depress the immune system and increase susceptibility to flu and colds. 1 
Migraine Headaches
Weather also appears to be among the diverse triggers of migraine headaches. Patients and physicians have long suspected that changing weather patterns are associated with symptoms and even with the ability to forecast upcomin g weather changes. Dr. Charles Matthews, director of a headache clinic in Raleigh, No rth Caro lina, fo und that having a barometer in the office "would kind-of t el l u s w h at o ur da y w as g o ng t o be like." Likewis e observing a connection b e t w e e n m i g r a i n e h e a d a c h e s a n d weather conditions, Dr. Alan Rapoport o f t h e N e w E n g l a n d C e n t e r f o r Headaches in Stamford , Conn ectic ut, inv estigated this link in a study of 77 patients over a 2-year period. More than half of the study patients had an identifiable weather trigger that preceded the onset of a migrain e at tack. A stro ng , p o s i t i v e r e l a t i o n s h i p w a s f o u n d between migra ine s and cold wea the r
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What It Is and How It Affects Our Health and low humidity. Some patients were affected most by barometric or temperature changes. 14 A b l i n d e d s t u d y o f 7 5 C a n a d i a n patients at the Uni versit y o f Calga ry H ead ach e Re se arch C l in ic, C alg ary , A l b e r t a , C a n a d a , c o r r e l a t e d t h e i r m i g ra i n e s y m p t o m di a r ie s w i t h t he weather pheno menon known as a Chinook wind, a warm westerly wind with a predictable annual pattern affecting that region of Canada. Migraine headaches in 43 percent of patients coincided with the C hi no o k wi nd. W it h reg ard t o t he se results, Dr. Werner Becker, a professor in the Univers ity's department of clinic al ne ur o sci en ces co m me nt e d t hat "i t ' s always nice to validate what patients are saying." In addition, this knowledge can be used to help avert symp toms. 15 As noted by Michael John Coleman, executive dire ctor of the National Migraine Association in Washington, D.C., "you can't control the weather, so it is particularly important to know which triggers can bring on your migraine. If you know your triggers, you are going to manage your treatment much more proficiently." 16 Similarly, at the University of Calgary's departmen t of community hea lth sciences, a study of women patients ages 20-49 with histories of chronic conditions found that such patients were more likely to visit a health care professional on days affected by Chinook wind conditions. 17
Arthritis and Other Conditions
Many patients who have arthritis and those with allergies, broken bones, and other conditions, such as multiple sclerosis, have cons ide red themsel ves to be "human barometers." Based on his clinical experien ce and a small-sc ale 1960 study of patients placed in a chamber in w h i ch t h e b a r o m e t r i c p r e s s u r e a n d humidity were adjusted, Dr . Ric ha rd Pope, chief of rheumatology at Northwestern Memorial Hospital, Chicago, Illinois, believes that these claims are valid. Dr. Pope's explanation is as follows:
You take a balloon and you put it into a v ac uum . A s th e pre ssu re i s red uc e d around that balloon, it expands. And so the same thing [happens] within the tissues around the joints. If there's already swelling, inflammation, [and] abnormal mech anics in the join t, as the pressure goes down, the gas and tissue expand, a n d t h i s i s f e l t a s m o r e p a i n b y t h e patient. This is why they sense a change in barometric pressure. 18 H o w b a r o m e t r i c p r e s s u r e a ff e c t s human tissues may also account for the a p p a r e n t r e l a t i o n s h i p b e t w e e n t h e inducement of labor in pregnant women and drops in atmospheric pressu re, as reflected by hospital admissions at these times. 1 In the case of atopic eczema, an inverse relationship between itch intensity and air t e m p e r a t u r e w a s s i g n i f i c a n t a t t h e P<0.001 level in a study of the disease in Swiss patients and fifteen meteorologic conditions over a 7-year period. However, the link between atopic eczema and meteorologic variables such as air pressure, water vapor pressure, and hours of sun exposure was more tenuous. 19 A retrospec tive study of mo re tha n 20,000 deaths in French public hospitals from acute intestinal vasculitis (swollen blood vessels) and hospitalization and deaths from variceal bleeding (caused by portal hypertens ion) during 1987-1996, likew ise rev ealed that mortality from such causes significantly peaked in January and was at the lowest level in July. The researchers concluded that awareness of such seasonal patterns could allow practitioners to reduce mortality via early diagnosis and treatment. 20,21
A Multivariate Relationship
Seasonal patterns between mortality and diseases, however, may well turn out to be multivariate rather than univariate, as was demonst rated by inv estigators who examined the relationship between mortality caused by CVD and climatic factors in urban areas in Norway and Irel a n d f r o m 1 9 8 5 t o 1 9 9 4 . W h i l e t h e researchers did confirm a link between CVD and cold weather for both men and women ages 60 and older, the association Migraine headaches in 43 percent of patients in one study coincided with the Chinook wind.
was stronger when wind-chill temperature was factored into air temperature. 22 Researchers also found a seasonal factor to be operative in a complex manner in the quality of life of patients with ankylosing spondylitis (AS), a form of spinal arthritis. Assessed by both a self-administered questionnaire and a clinical measure (the Schober index), the quality of life and lumbar spine flexibility of 106 patients with AS correlated significantly with climatic temperature, wind speed, atmosphe ric pressure, and humidity. Curiously, while higher temperatures and lower wind speed were associated with greater measured lumbar spine flexibility, subjective quality of life was rated lower under the same conditions. 23 Similarly, from epidemiologic correlat i o n s o f w e at he r r ep o r t s t o m e d i c al reports, Dr. Kalkstein's research team has also found that "[w]e need to take into account many more things than just temperature and humidity. It's the whole air mass that's over us at any given time that affects us-cloud cover, sunshine, rain and so on. Our schem e evaluates how these other variables also affect human health." 2 
An Application of Biometeorologic Research
As an application of his findings, Dr. K alk st ei n de v elo p e d a H e at /He al th Warning System to alert people in cities of impending unusually hot weather that can result in increased depression, hospit a l a d m i s s i o n s , a n d h e a t -r e l a t e d deaths-particularly in elderly, immuneimpaired, and poor patients. This system is currently being used in selected cities in the United States including Philadelphia and Washington, D.C., and is scheduled to be deployed soon in other cities in the U.S. and abroad. 24 Dr. Kalkstein has also been involved in projects exploring the links between climate and asthma and Lyme disease deer tick populations and the evaluation of methods to gauge weather effects in pollution-mortality correlations. 25
Empirical Research on the Weather-Health Link
Most of the resea rch in this area has understandably focused on the correlati on o f w eather v ariables and health effects. However, M ic ha el Persin ger, Ph . D . , a c li ni c al p sy ch o l o g is t at t h e Behavioral Neuroscience Laboratory at Laurentian University, Sudbury, Ontario, Canada, has made a somewhat controversial career of claiming that, and attempting to measure how, organisms react to g eo p h ys i ca l s t im u li . 6 Dr . Pe r si n ge r believes that sudden infant death syndrome and, in adults, cardiac arrhythmias are both consistent with the role of weather-related geomagnetic variables in produci ng ele ctri cal ano m alie s in brai n function. 26 Dr. Persi nger assert s that: "biometeorology matters because the way in which we order our lives in the twentyfirst century leaves us especially vulnerab l e t o w e a t h e r i n s u l t s . O u r i n d o o r environments have become extraordinarily physically constant. . . .One thing we Organizations do know about biological systems is that they tend to respond to contrast. And one of the things that fluctuates most these days is the weather." 6
Long-Term Adverse Environmental Effects
Long-term climatic changes, such as global warm in g with its "gre enho use effect" caused by an increase in carbon dioxide and subsequent disruption in the planetary ecosystem, have serious implications, directly and indirectly, for public health. Many experts believe that global warming caused by air pollution and natural forces is already resulting in greater mortality and morbidity caused by heat stress in response to high er temperatures 27 and in new patterns of infectious disease outbreaks. 28 Skin cancer caused by overexposure to ultraviolet radiation, which is the result of a diminished protect i v e o z o n e l a y e r , h a s d r a m a t i c a l l y increased in recent decades. Deaths from melanoma, the maligna nt form of skin cancer, has escalated by 1800 percent since 1930 (over a period of 70 years). 1 It has been estimated that 40 percent of deaths globally can be attributed to environmental factors, such as long-term overexpos u r e t o t h e s u n , a i r p o l l u t i o n , a n d pesticides. 29 The World Health Organization has ranked deaths from air pollution among the top ten causes of preventable mortality. 30 T he w e a t h e r p a t t e r n k n o w n a s E l Niño was significantly related to hospitalization of females with vir al pneumo ni a in several C alif ornia counties fro m 1983 to 1998. The investigato rs conclu ded that "an und erstanding of population sensitivity under different w eathe r co nd itio ns co uld lead t o an improved understanding of virus transmission." 31 In a Greek study of the effects of atmospheric circulation, specific air circulation types were correlated with daily and seaso nal deat h rat es in A t hens , G re ece. Southeasterly air flows correlated significantly with the highest daily mortality and northwesterly flows correlated with the lowest mortality. Potential confounding variables such as ambient temperature and particle concentrations were c o n t r o l l e d f o r s t a t i s t i c a l l y . T h e s e researchers at the Laboratory of Meteorology at the University of Ioannina, in Ioann i n a , G r e e c e , c o n c l u d e d t h a t t h e i r weather classification scale is useful for studying weather-health associations. 32 A meta-analysis of 59 peer-reviewed studies found that the risk of Parkinson's disease increases with exposure to pesticides and other environmental factors in rural living. 33 A survey of rural health care providers on environmen tal health issues facing their communities reported It has been estimated that 40 percent of deaths globally can be attributed to environmental factors. water p ollu tion and pestic ide effec ts a mo ng t he m ai n c o n ce r ns . 3 4 B ri t i sh resea rchers found urban neighborhood environment stressors, such as continual high levels of noise and pollution, to be associated with chronic stress and selfreported poor health, regardless of an individual's socioeconomic status. 35 Environmental stresses, such as particulate air pollution, appear to elevate a risk factor for CVD, namely, high blood pressure. Therefore, these investigators recomm e n d " w i d e r u s e o f n o n i n v a s i v e cardiovascular measurements in studies of air pollution and weather stre sses " in order to understand response mechanisms better and to identify populations at risk. 36 Recognizing the impact of such contextual factors as climate on health care utilization is also advised by researchers at the Bedford Veterans Affairs Medical Center in Bedford, Massachusetts, who found a modest but significant positive correlation between inpatient length of stay for its psychiatric patients and weather variables such as cold temperatures. 37
Summary of Research That Supports Weather and Climate Effects on Health Conditions

Positive Environmental Effects
Contact with nature can also be measurably beneficial to health. From a review of the scientific literature, Howard Frumkin, M.D., Dr.P.H., professor and chair of environm ental and occupational hea lth at Emory University in Atlanta, Georgia, concluded that: "Contact with nature may be right up there with some medications or surgery as ways of improving health." Dr. Frumkin's view extends sociobiologist E.O. Wilson's "biophilia" hypothesis that humans are innately attracted to other living organisms, to nature more generally. Dr. Frumkin has reviewed studies that cited positive impacts from even minimal interaction with nature on such populations as hospital patients and prisoners. Direct weather impacts were not investigated, although the effects of plants, views of landscapes, wilderness, and animal contact were considered. Because the reasons for this environment-health link are unknown, Dr. Frumkin advocates further research as well as consideration of such factors in medical practice and urban planning. 38 A recent study unexpectedly found scientific validation for the preference for mountaintop locations for health sanitariums in the nineteenth and early twentieth centuries. Environmental challenges to cells, such as from high altitudes and pollution, activate the production by monocytes and macrophages of cytokines such as interleukin-1-b that mediate physiologic adaptations to stress. 39
Conclusions
Empirical eviden ce lends support to patients' complaints and the clinically o b s e r v e d r e l a t i o n s h i p b e t w e e n t h e effects of weather and clim atic conditions on morbidity and mortality in cases of cardiovascular and other health conditions. Such effects intera ct in complex ways with atmospheri c pollution and global warming trends. While scientists concur about the effects of sunlight, temperature, and perhaps barometric pressure on health, many scientists are not as receptive to the possibility that the body chemist ry is altered by gases released from soil during turbulent weather and the effect of the Earth's magnetic fields.
Nor does epidemiologic evidence prove cause-and-effect or even clinical significance.
At the very least, however, weather influences behavior indirectly, which can have health consequ ences, such as the effect of lessene d phys ic al activity in inclement weather on the blood sugar levels of patients with diabetes. 40 Furthe r resea rc h co uld identify the characteristics of patients who appear to b e p ar t ic ul ar l y s e ns i t i ve t o s p e c if ic weather conditions. Another interesting researc h question to pursue is whether predic ted higher winter temperatures could actually result in one positive consequence: a decline in cardiovascular deaths, which tend to be higher in winter. Even allopathic medicine is recognizi n g t h a t " w e c an ' t j u s t f o c u s o n t h e microbe anymore. . . ," as observed by Jonathan Patz, M.D., of the Johns Hopk i ns U n i v e r s i t y Pr o g r a m o n H e a l t h Effects of Global Environmental Change, Baltimore. With regard to infectious diseases, Dr. Patz said that "it is not just a simple relations hip between wea the r variables and pathogens. We need to connect existing databases on such factors as land use patterns, deforestation, and soil moisture to public health outcomes." 7 As these statements indicate, there is recognition that that environment al factors deserve as much focus as the current emphasis on lifestyle factors in health. Consequently, indirectly, we can counter the cliché that there is nothing that can done about the weather by investigating its health impact and taking biometeorology into account in disease prevention, diagnosis, and treatment. Conversely, it must be rem emb ered that the na tural environment can also affect well-being positively.
Regarding long-range climatic changes, the authors of a major report released in 2000, "Human Health & Global Climate Change: A Review of Potential Impacts in the United States," caution that "uncer- tainty about adverse effects should not be interpreted as certainty of no adverse health effects." As with short-term weather effects, design of better methods of evaluating s u c h i m p a c t s c a n a s s i s t h e a l t h a n d resource development planning.
